To evaluate the outcome of our experience in the treatment of salivary gland disorders in children undergoing sialendoscopy and to assess the evolution of the technique. Results: Pediatric sialendoscopy was performed on the parotid gland in 23 patients (61%) and on the submandibular gland in 15 patients (39%). The most frequent indication for sialendoscopy was recurrent salivary gland swelling. Thirty-two of 38 procedures (84%) were performed endoscopically, whereas a combined intervention was necessary for 3 patients and a submandibular gland excision for another 3 patients. Sialendoscopy allowed the diagnosis of 12 patients with salivary duct lithiasis, 21 with salivary duct stenosis, and 2 with both submandibular lithiasis and stenosis, and findings from 3 sialendoscopies were normal. Preoperative ultrasonographic results were confirmed by sialendoscopy in only 7 patients. Of the 10 patients with lithiasis found using sialendoscopy, only 4 had been detected using preoperative ultrasonography.
T
HE CONCEPT OF SIALENDOScopy has been recognized for almost 20 years. The first publication by Katz 1 was in 1990, but sialendoscopy still remains a recent approach to salivary gland obstructive abnormalities in children. Various medical centers have already adopted this technique, and numerous children have been treated by sialendoscopy for salivary gland obstructive swelling. [2] [3] [4] [5] Recently, Shacham et al 6 published the results of an analysis of 70 pediatric patients with juvenile recurrent parotitis (JRP) treated by sialendoscopic lavage of the gland with corticosteroids. There was no recurrence for 93% (n=65) of the patients during follow-up of 6 to 36 months. Sialendoscopy has also been validated by various researchers 2, 5 as a safe technique in children with sialolithiasis.
During the past 6 years, the sialendoscopic approach to salivary gland disorders has been developed in children at Edouard Herriot University Hospital, Lyon, France, 7, 8 and we evaluated the development of this technique in diagnosis and therapeutics, especially dilation and introduction of the thulium laser for stone fragmentation. The aims of this study are to show this evolution, to discuss the correlation between ultrasonographic and sialendoscopic results in children, and to define the position of sialendoscopy in the diagnosis and treatment of pediatric salivary gland obstructive abnormalities. tion of disease, preoperative ultrasonography and magnetic resonance imaging (MRI) sialographic results, sialendoscopy technique, sialendoscopy diagnosis, and complications.
Sialendoscopy was performed using general anesthesia and using 2 different types of sialendoscopes. The first sialendoscope was a semirigid optic endoscopic device (0.9 mm) introduced into a sheath, with an external diameter varying from 1.1 to 1.7 mm. The second sialendoscope was the 1.3-mm "allin-one" device (reference 11575; Karl Storz GmbH, Tuttlingen, Germany) for diagnostic and interventional sialendoscopy. 9 Since 2007, we have also used the 1.1-mm all-in-one device, which is more suitable for young children. Diagnostic sialendoscopy was performed to classify ductal lesions such as sialolithiasis or stenosis. Sialendoscopic diagnosis of lithiasis was straightforward via direct visualization of the stone in the duct. Stenosis was diagnosed based on narrowing of the duct under endoscopic control and the difficulty of introducing and mobilizing the sialendoscope. During the same anesthesia session, interventional sialendoscopy was performed to treat the abnormality. 7 Cleaning of the endoscope and dilation of the duct were performed by intermittent rinsing with the following solution: 50% xylocaine (2%) and 50% sodium chloride saline solution (0.9%) with 120 mg of prednisolone. 7, 9 An intraductal laser was used to break up stones or to open a stenosis that resisted sialendoscope dilation. A balloon catheter was used in diaphragmatic duct stenoses. After January 1, 2005, the 2.1-µm continuous YAG-thulium laser was used for stones measuring 3 mm in diameter or greater for fragmentation before extraction. For stones smaller than 3 mm, extraction was performed using a customized wire basket. 7 When lithiasis extraction was impossible by sialendoscopy using a laser or by a combined procedure (associating sialendoscopic visualization of the stone and intraoral stone excision without removal of the gland), excision of the submandibular gland was performed.
After the procedure, all of the patients were given antibiotics (combined amoxicillin sodium-clavulanic acid, 80 mg/ kg/d for 7 days) and corticosteroids (dexamethasone, 1 mg/ kg/d for 3 days). All of the children were reexamined at least 1 month after sialendoscopy.
RESULTS
Among the 420 patients treated by sialendoscopy at Edouard Herriot University Hospital between January 1, 2003, and November 30, 2008, we identified 38 pediatric patients. The mean age of these patients was 9 years (age range, 2-17 years), and the male to female sex ratio was 2:1. Pediatric sialendoscopy was performed on the parotid gland in 23 patients (61%) and on the submandibular gland in 15 patients (39%). Sialendoscopy clinical indications were recurrent salivary gland swelling with inflammatory or mechanical episodes ( Table 1) . Mean age at the occurrence of salivary gland symptoms in children was known for 24 patients and was 26 months (range, 2-81 months).
Diagnostic sialendoscopy was possible in all of the patients. For 32 of 38 patients (84%), treatment was performed endoscopically, whereas a combined intervention was necessary for 3 patients (8%) and a submandibular gland excision was necessary for 3 other patients (8%). Nineteen patients underwent ultrasonography before sialendoscopic management. The ultrasonography and sialendoscopy correlation is given in Table 2 . For the 5 patients who had normal ultrasonographic findings, sialendoscopy revealed 4 cases of ductal abnormalities, mostly lithiasis. For the 7 patients who had suggested sialolithiasis on ultrasonography, only 4 were confirmed by sialendoscopy.
Each time ultrasonography showed heterogeneous salivary glands (5 patients), sialendoscopy revealed ductal stenoses. And each time ultrasonography showed ductal dilatation (2 patients), sialendoscopy confirmed the diagnosis of stenosis. Of the 10 cases of lithiasis revealed by sialendoscopy, only 4 had been detected by ultrasonography. For the 6 cases of lithiasis not detected by ultrasonography, the lithiasis was large enough to require a combined intervention in 2 cases. Ultrasonographic preoperative results have been confirmed using sialendoscopy in only 7 patients.
The MRI sialography was performed for 6 children with recurrent parotid gland swelling episodes; the MRI sialography images showed diffuse sialectasia with a large area of punctuated high signal in each case, thus confirming JRP. In 1 patient, a generalized stenosis was revealed via MRI sialography.
The sialendoscopy procedure allowed the diagnosis of 12 patients with sialolithiasis (1 parotid and 11 submandibular), 21 with stenoses (18 parotid and 3 submandibular), and 2 with both submandibular lithiasis and stenosis. All of the 18 patients with parotid duct stenoses presented with a generalized form of stenosis of the duct system (Figure) . For 3 patients (2 parotid and 1 submandibular), diagnostic sialendoscopy did not reveal any abnormalities.
Three patients each underwent 3 sialendoscopic procedures because of recurrence of symptoms (1-3 months). These 3 patients presented with Stensen duct stenoses. Five patients had 2 sialendoscopy procedures, 1 for a Stensen lithiasis, 3 for a Wharton lithiasis, and 1 for parotid swelling without any abnormality noted during the first sialendoscopy.
Of the 18 patients with stenosis of the parotid duct who underwent sialendoscopic dilation with intraductal corticosteroid administration, only 4 had a recurrence of symptoms after mean remission of 6 months. The other 14 patients showed no recurrence during mean follow-up of 24 months (range, 4-24 months).
Complications occurred in 3 patients: 1 Stensen duct perforation and 2 airway obstructions. In the child with Stensen duct perforation, the perforation occurred during laser use. After 1 month of follow-up, healing was complete, without fistulas. In the 2 children with airway obstruction, sialendoscopy was performed bilaterally with a high diffusion of lavage solution in the pharyngeal aspect of the parotid gland. Perioperative massage of the pa- rotid gland and perioperative corticosteroid intravenous injection prevented postoperative dyspnea in both patients. No duct avulsion, facial palsy, or bleeding was noted.
COMMENT
Sialendoscopy brings new elements to pediatric salivary gland disease diagnosis and treatment. The main pathologic abnormalities of pediatric sialendoscopy that arise from this study are ductal stenoses and ductal lithiasis. The first element that arises is the importance of sialendoscopic diagnosis of ductal stenoses, especially in the parotid gland. In this series, 21 patients with stenosis were diagnosed by using the sialendoscopic procedure-18 in the parotid and 3 in the submandibular gland. The 18 children with Stensen duct stenosis had recurrent episodes of inflammatory parotitis, and the diagnosis of JRP was established. In the literature, researchers agree to describe the sialendoscopic characteristics of JRP as a "white aspect of the ductal layer without the natural proliferation of blood vessels." 5(p11) In the present series, we noted the same endoscopic white aspect but always associated it with diffuse ductal stenoses. According to the classification of obstructive salivary abnormalities published in 2009 by Marchal et al, 10 which describes 5 stenosis scores, the aspect found in JRP corresponds to score S4 (generalized ductal stenosis). Unique or multiple intraductal diaphragmatic stenosis is not common in JRP. The stenotic aspect in JRP visible using sialendoscopy has not been reported in other inflammatory salivary gland disorders, such as Gougerot-Sjogren disease or immune deficiency, and seems specific to JRP. A distinction must be made between local stenosis that could be due to inflammation in adults and global stenosis more suggestive of a congenital origin in children. 8 Sialendoscopy allows JRP diagnosis with better sensitivity than ultrasonography even in young children. Results illustrate the difficulty of ultrasonographic interpretation in children with salivary gland disorders.
Concerning salivary duct stenosis, ultrasonography did not contribute to the diagnosis. Most patients with sialendoscopic diagnosis of duct stenosis have no duct dilatation on ultrasonographic analysis. For some of them, ultrasonography shows a heterogeneous gland structure, but this is not a specific radiologic finding. The sonographic features of JRP are described as hypoechoic areas and heterogeneous internal echoes by Shimizu et al, 11 but no duct stenosis was visualized. 12 None of these ultrasonographic variables were specific to JRP because they can be found in all inflammatory salivary gland disorders.
Sialendoscopy allows not only diagnosis but also treatmentofJRP.ThistreatmentisbasedondilationoftheStensen ductal system by a strong saline solution irrigation or by the sialendoscope itself or sometimes by balloon dilation. Another advantage of the sialendoscopic technique in JRP lies in the possibility of directly irrigating the ductal system of salivary glands with medications such as corticosteroid preparations. 6 This direct administration of drugs into the ductal system provides interesting access for salivary inflammatory disease therapy in adults and children. In the literature and in the present series, stenosis was observed more frequently in the parotid gland and sialolithiasis in the submandibular gland in children. 13 Ten children had sialolithiasis-9 in the submandibular gland and 1 in the parotid gland-revealed by recurrent episodes of salivary gland swelling. Infection of the gland, with pain and fever, occurred in 5 children. Because of the tertiary center recruitment, children came to the Ear, Nose, and Throat Department of Edouard Herriot University Hospital, Lyon, France, with radiologic examinations already performed and, specifically, ultrasonography, which is easier to obtain in children without ionizing radiation.
Of the 10 patients with lithiasis diagnosed using sialendoscopy in this study, only 4 had been suspected by previous ultrasonography. Of the 6 undiagnosed patients, 4 had stones measuring 2 mm in diameter. The diagnosis of salivary stones in children is difficult because the lower limit of radiologic detection is 2 mm. 7 Two millimeters is the limit to detect stones using various radiologic methods, such as ultrasonography, computed tomography, and MRI sialography.
14 In children, a stone of 2 mm may be of sufficient size to cause a duct obstruction in the parotid or submandibular gland. 7 Sialendoscopy has better sensitivity in diagnosing salivary stones in children than does ultrasonography. With the present diameter of the sialendoscope, examination of the salivary gland ducts is possible for the primary branches and often for the secondary branches. Sialolithiasis is not a frequent abnormality in children, representing less than 5% of all sialolithiasis in the literature, 13 but sialolithiasis is certainly underestimated using only ultrasonography.
The recent evolution of the sialendoscopic technique is summed in the use of thinner sialendoscopes to access the second-generation branches of the gland and laser probes (250-350 µm) for stone fragmentation. 15, 16 At Edouard Herriot University Hospital, the 2.1-µm continuous YAG-thulium laser is preferred, but in the literature, use of the 2-µm YAG-holmium laser is more common. 2 The YAG-thulium laser is preferred because of its low residual thermal injury compared with that of the YAGholmium laser. 9 The variables of laser thulium use are the same in child and adult sialendoscopy. Some researchers prefer intraductal lithotripsy. 17, 18 After intraductal stone fragmentation, extraction is performed using a basket catheter through the duct and the papilla into direct vision.
In conclusion, the sialendoscopic approach to pediatric salivary gland obstructive disease is an effective method for diagnosis and treatment with low morbidity. Diagnostic sialendoscopy must be considered the first step in complementary examinations in children with salivary gland obstructive disease. Based on diagnostic sialendoscopy in this series, we describe a specific stenotic aspect of the ductal system in JRP.
Interventional sialendoscopy is the first conservative treatment to propose in children with salivary disease. In JRP, the sialendoscopy benefit is the dilation of the ductal system under direct vision and the irrigation of the ductal system with corticosteroids. In sialolithiasis, the use of thulium laser fragmentation allows for even larger stones to be extracted endoscopically and decreases the incidence of an external approach with the learning curve. 
